Background Biologics are effective for the treatment of psoriasis. However, treatment outcomes may differ among biologic-naive patients and those switched from previous biological therapies.
Introduction
Biologic agents have revolutionized the treatment of moderateto-severe psoriasis over the past decade. Currently available agents target proinflammatory cytokines, such as tumour necrosis factor alpha, interleukin (IL)-12/23 and more recently IL-17A. [1] [2] [3] [4] [5] [6] Biologic drugs seem to provide higher levels of efficacy than conventional systemic drugs, and they have good safety profiles with no evidence for cumulative toxicity. 7 However, data from registries report limited drug survival, with the main reason for patient discontinuation of biologic agents being loss of drug efficacy. [8] [9] [10] [11] [12] Hence, most patients will receive multiple agents throughout their lives. Existing data, in particular from clinical trials, suggest that efficacy of biologics is lower in patients with previous exposure to other biologics, 13, 14 although the reasons for this remain uncertain. Hence, for therapies under development, it is clinically important to provide evidence of efficacy in patients who have been exposed to prior therapy, and especially in those exposed to prior biologics. Ixekizumab is a high-affinity monoclonal antibody that selectively targets IL-17A. It has been shown to have significantly superior efficacy compared to placebo and etanercept in patients with psoriasis in UNCOVER Phase III studies. 15, 16 The objective of this analysis was to investigate the efficacy and safety of ixekizumab in patients with or without prior use of biologic therapy by utilizing integrated data from two Phase III clinical trials.
Materials and methods

Study population
As reported previously, eligible patients were ≥18 years of age with a diagnosis of chronic plaque psoriasis ≥6 months prior to baseline, candidates for phototherapy and/or systemic therapy, had ≥10% body surface area involvement, had a static Physician's Global Assessment score of ≥3 and a Psoriasis Area and Severity Index (PASI) score of ≥12 at both screening and baseline visits. Key exclusion criteria included diagnosis of non-plaque psoriasis; a clinically significant flare of psoriasis within 12 weeks prior to baseline visit; prior participation in any study involving ixekizumab or other IL-17 antagonists; any prior use of etanercept; use of conventional systemic non-biologic psoriasis therapy or phototherapy within 4 weeks prior to baseline visit or topical psoriasis treatment within 2 weeks prior to baseline; use of potent class 1-5 topical steroids within 2 weeks prior to baseline; having a serious infection, active or latent tuberculosis, human immunodeficiency virus, or hepatitis C or hepatitis B infections; or meeting specific laboratory criteria. Prior use of biologic therapies was allowed but required specific washout periods prior to baseline.
Study protocols and informed consent forms were approved by an investigational review board at each site. The study was conducted in accordance with ethical principles of Good Clinical Practice and the Declaration of Helsinki and its guidelines. Written informed consent was obtained from each patient at study entry before any study procedures.
Study designs
Integrated data from two Phase III multicenter, randomized, double-blind, placebo-controlled, parallel-group trials (UNCOVER-2 and UNCOVER-3) were used in this analysis. For the first 12 weeks of the trials, UNCOVER-2 and UNCOVER-3 compared the efficacy and safety of ixekizumab vs. etanercept, and vs. placebo.
We evaluated the efficacy and safety of ixekizumab in patients with or without prior exposure to biologic drugs relative to etanercept using these integrated data in which patients received placebo (N = 361), or ixekizumab every 2 weeks (IXE Q2W; N = 736) or 4 every weeks (IXE Q4W; N = 733) following a 160-mg initial ixekizumab dose. Etanercept (50 mg twice weekly; N = 740) was administered as active control. Efficacy and safety data in the overall population have already been reported. 10 Further details regarding the individual study designs are presented in the Supplementary Material section ( Supplementary  Fig. S1a,b) and have already been reported. 16 
Efficacy and safety endpoints
Key efficacy endpoints for this analysis included the proportions of patients achieving PASI 75 (at least a 75% improvement in PASI from baseline), PASI 90 (at least a 90% improvement in PASI from baseline), complete resolution of psoriasis plaques as defined by PASI 100 (100% improvement in PASI from baseline) and ≥4-point improvement in Itch Numeric Rating Scale (NRS).
Safety was assessed based on reported adverse events and laboratory values obtained at study visits through week 12. Treatment-emergent adverse events (TEAEs) were defined as those that appeared or worsened any time after first injection and on or prior to the date of the last visit within the evaluation period.
Further details regarding the clinical outcome assessments have already been reported. 16 
Statistical analysis
Unless otherwise specified, the efficacy analyses were conducted on an intent-to-treat basis. For Itch NRS, the analysis was based on the intent-to-treat patients who had baseline Itch NRS ≥4. Characteristics were compared between biologic-naive and biologic-experienced patients based on the Cochran-Mantel-Haenszel test stratified by study for categorical data and analysis of variance for continuous data with previous biologic status and study as independent factors. Treatment effects were analysed using the Cochran-Mantel-Haenszel test stratified by study; confidence intervals for risk differences were based on the normal approximation of the binomial distribution. Missing data were imputed using a non-responder imputation method, in which a patient was defined as a non-responder if he/she did not meet clinical response criteria or had missing clinical response data for any reason at analysis time point.
Safety analyses were conducted on patients who received at least one dose of study treatment. Treatment comparisons were conducted using the Cochran-Mantel-Haenszel (CMH) test stratified by study.
Results
Baseline demographics and disposition
In the overall population, patient baseline characteristics were well balanced among the different treatment groups across the individual studies included in the analysis (Supplementary  Table S1 ). Table 1 provides details on previous psoriasis therapy for UNCOVER-2 and UNCOVER-3. Table 2 displays patient demographics and other baseline characteristics examined by previous biologic status (biologicnaive vs. biologic-experienced) for the integrated dataset. Key characteristics, including weight and disease severity at baseline, were similar between patients with and without prior biologic exposure. As expected, some baseline variables and clinical characteristics were significantly different between the two groups, including age (P < 0.001), geographical region (P < 0.001), previous non-biologic systemic therapy (P < 0.001), duration of psoriasis symptoms (P < 0.001), baseline Dermatology Life Quality Index (DLQI) score (P = 0.006) and baseline Itch NRS (P < 0.001). Biologic-experienced patients were older, were more frequently from North America, and had more non-biologic treatment exposure, a longer duration of disease and worse DLQI and Itch NRS scores at baseline.
Efficacy -signs
Psoriasis Area and Severity Index 75 was achieved by 91.5% (biologic-experienced) and 87.7% (biologic-naive) of patients treated with IXE Q2W, 76.2% and 82.2% of patients treated with IXE Q4W compared to 34.6% and 50.7% of patients treated with etanercept respectively (Fig. 1) . PASI 90 was achieved by 76.1% (biologic-experienced) and 67.7% (biologic-naive) of patients treated with IXE Q2W, 55.2% and 64.4% of patients treated with IXE Q4W and 13.2% and 24.3% of patients treated with etanercept. PASI 100 was achieved by 47.2% (biologic-experienced) and 37.0% (biologic-naive) of patients treated with IXE Q2W, 25.2% and 34.9% of patients treated with IXE Q4W and 3.7% and 7.0% of patients treated with etanercept.
Differences compared to the etanercept group in PASI 75 response rates ranged from 31.5% (IXEQ4W-naive) to 57.0% (IXEQ2W-experienced) ( Table 3) . Differences in PASI 90 response rates compared to the etanercept group ranged from Ixekizumab outcomes and prior biologic therapies 40.1% (IXEQ4W-naive) to 62.8% (IXEQ2W-experienced) ( Table 3) . PASI 100 response rate differences, compared to the etanercept group, ranged from 21.5% (IXEQ4W-experienced) to 43.5% (IXEQ2W-experienced) ( Table 3 ). Greater differences compared to etanercept were observed for the IXE Q2W treatment arm for all outcomes and biologic-experienced patients in the IXE Q2W arm had higher differences relative to etanercept for all outcomes.
Efficacy -symptoms
At least four points reduction in Itch NRS was achieved by 82.4% (biologic-experienced) and 84.1% (biologic-naive) of patients from the IXE Q2W arm, 80.3% and 77.9% of the patients from the IXE Q4W arm compared to 55.0% and 62.4% of patients treated from the etanercept arm (Fig. 1) . Itch NRS ≥4 response rate differences, compared to the etanercept arm ranged from 11.7% (IXEQ4W-naive) to 24.0% (IXEQ2W-experienced) (Table 3) .
Safety
A total of 687 (58.3%) biologic-naive and 156 (54.7%) biologicexperienced, ixekizumab-treated patients in the induction dosing period, who received at least one dose of study medication, experienced at least one TEAE. In comparison, 324 (53.6%) and 75 (55.6%) etanercept-treated patients and 126 (44.4%) and 34 (44.7%) placebo-treated patients experienced at least one TEAE respectively. Serious adverse events (SAEs) were reported by 2.1% or fewer of patients in each treatment group, with SAE incidence slightly higher in naive vs. experienced patients across all treatment groups. There were no deaths in the induction dosing period. Overall, a similar safety profile was observed between biologic-naive and biologic-experienced patients. Table 4 shows adverse events of special interest during the induction period by previous biologic status (biologic-naive vs. biologic-experienced). There was no difference in overall infections among biologic-experienced patients across treatment groups. For IXE Q4W-and IXE Q2W-treated patients, rates of infection between biologic-naive (26.1% and 26.0% respectively) and biologic-experienced (26.6% and 25.4% respectively) patients were comparable, while rates were slightly lower for biologic-naive patients in the placebo (19.4%) and etanercept (20.9%) groups. The rate of infections was 24.4% in biologic-experienced and 20.9% in biologic-naive etanercepttreated patients which overall was similar in comparison to ixekizumab-treated patients. Three major adverse cerebro-cardiovascular events were reported; non-fatal myocardial infarction (n = 2) by a placebo-treated and an etanercept-treated patient and non-fatal stroke (n = 1) by an IXE Q4W-treated patient. Lastly, few cases of candidiasis were reported across treatment groups.
Discussion
Currently, little data are available regarding the difference in therapeutic response of biologic therapy when used in biologicnaive patients or after exposure to other biologics. Several phenomena can be responsible for the loss of efficacy of a biologic agent but they are rarely identified in clinical practice. It is generally thought to be beneficial to switch to a different mechanism of action after loss of efficacy or failure of the initial biologic. In the UNCOVER Phase III studies, ixekizumab, an anti-IL-17A monoclonal antibody, was shown to be highly effective in treating moderate-to-severe plaque psoriasis, with superiority to etanercept, with respect to PASI and Itch NRS measures. 16 Here, we show that ixekizumab has similarly high efficacy in patients with and without prior biologic experience and results of this integrated analysis also demonstrate that ixekizumab was significantly more effective compared to etanercept, regardless of previous biologic treatment. Both IXE Q2W and IXE Q4W 80-mg dose regimens provided statistically significantly higher response rates across all efficacy endpoints vs. etanercept in both biologic-naive and biologicexperienced. However, the IXE Q2W dosing regimen, which had the highest response rates, led to more predictable treatment outcomes with the lowest differences in response between the biologic-naive and biologic-experienced subgroups. In these trials, etanercept showed lower efficacy in patients with previous exposure to biologic therapy compared to patients who were biologic-naive, which is consistent with data reported from an observational study. 14 Weight and disease severity have been hypothesized to influence the clinical response of biologics. 17 These characteristics were similar between patients with and without previous exposure to biologic therapy. Interestingly, patients with previous exposure to biologic therapy tended to be older (47.2 vs. 44.9 years) and had a longer duration of psoriasis symptoms (21.4 vs. 17.7 years). Additionally, more patients were from North America (65.4% vs. 47.6%) and more patients had received previous non-biologic systemic therapy (60.0% vs. 50.9%). Lastly, patients with previous exposure to biologic therapy scored 1 point higher on the DLQI at baseline (13.0 vs. 12.0), and 0.6 point more itch on the Itch NRS at baseline (6.9 vs. 6.3), reflecting a higher burden of diseases. It is probable that these differences might be due to different access to medication among different countries and that patients with prior exposure represent more difficult-to-treat patients with worse quality of life and more severe pruritus. For safety, patients who had previous exposure to biologic therapy experienced fewer TEAEs or SAEs when treated with either dose of ixekizumab. Patients who had previous exposure to biologic therapy did not experience more infections when treated with IXE Q2W, whereas there was a numerical increase from 20.9% to 24.4% in patients treated with etanercept. Some limitations to this analysis should be considered. A major limitation was that the included studies were not stratified by prior treatment. Another limitation was that the information regarding biologic treatment is retrospective. Although patients from many geographic regions were included, the study populations were mainly Whites. Evaluation in a larger population of non-white participants who are biologic-naive or biologic-experienced would help to understand the efficacy and safety of ixekizumab in a more genetically diverse population. Lastly, the analysis only included data from the first 12 weeks of the studies. Further investigations could possibly target later time points to see if different profiles of the biologic-naive and biologic-experienced populations are observed.
Both doses of ixekizumab were significantly superior to etanercept for biologic-naive and biologic-experienced patients. Treatment differences in IXE Q2W vs. etanercept increased for patients with previous exposure to biologics compared to patients who were naive, with comparable safety findings. The IXE Q2W dosing regimen consistently provided greater benefit with more predictable treatment outcomes across subgroups relative to the IXE Q4W dosing regimen.
